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(57) [Abstract] 

[Problems to be Solved by the Invention] 

plane optical waveguide which substantially possesses 
circular cross section with easy process is offered. 

[Means to Solve the Problems] 

laminated film which was formed on substrate 11 (2 1 and 4 1 ) 
with, it is a plane optical waveguide whichhas optical 
waveguide core (31) which was formed in laminated film (21 
and 41). 

As for cross section of optical waveguide core (31), with 
abridged square , dopant layer (21 and 41)which contains low 
index of refraction conversion molecule to be provided in 
periphery of optical waveguide core (3 1 ), low index of 
refraction conversion molecule which is contained in the 
dopant layer (21 and 41), about outside and comer of optical 
waveguide core (3 1 ) with the high concentration, 
maldistribution amount fabric to have done in optical 
waveguide core (31), with that, gray dead type optical 
waveguide is formed. 
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[Claim(s)] 
[Claim 1] 

With plane optical waveguide which has laminated film 
which was formed on substrate and optical waveguide core 
which was formed in aforementioned laminated film, 

As for cross section of aforementioned optical waveguide 
core, with abridged square , 

dopant layer which contains low index of refraction 
conversion molecule to beprovided in periphery of 
aforementioned optical waveguide core which possesses the 
cross section of aforementioned abridged square, 

Aforementioned low index of refraction conversion molecule 
which is contained inaforementioned dopant layer, about 
outside and comer of theaforementioned optical waveguide 
core with high concentration, maldistribution amount fabric 
has donein aforementioned optical waveguide core, with that, 
gray dead type optical waveguide isformed, plane optical 
waveguide© 

[Claim 2] 

Aforementioned dopant layer is formed on aforementioned 
substrate, 

plane optical waveguideo where aforementioned optical 
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waveguide core is formed on aforementioned dopant layer, 
states in Claim 1 

[Claim 3] 

plane optical waveguidco where aforementioned dopant 
layer is formed to topside ofaforementioned optical 
waveguide core, states in Claim 1 

[Claim 4] 

Aforementioned optical waveguide core is formed from 

polymeric material, 

Aforementioned low index of refraction conversion molecule 
is formed from fluorination compatibility molecule where 
fluorine concentration is high in comparison with 
aforementioned polymeric material , 

plane optical waveguide© where aforementioned fluorination 
compatibility molecule reacting with reactive group 
whichaforementioned polymeric material has, is fixed with 
chemical bond, states in the any one of Claim 1 to 3 

[Claim 5] 

As for aforementioned polymeric material, with fluorination 
polymeric material of at least one kind which isselected from 
group which consists of fluorinated polyimide> fluorination 
polysiloxancs fluorination poly methacrylate resin, 

plane optical waveguidCo where aforementioned low index 
of refraction conversion molecule is formedfrom fluorination 
compatibility molecule where fluorine concentration is high 
in comparison with theaforementioned fluorination polymeric 
material states in Claim 4 

[Claim 6] 

On (a ) substrate, stepo which forms first dopant layer which 
contains low index of refraction conversion molecule 

On (b ) aforementioned substrate, thin film which becomes 
optical waveguiding core isformed, next, aforementioned thin 
film etching is done, stepo where cross section forms optical 
waveguiding core of abridged square 

(c ) cross section in topside of aforementioned optical 
waveguiding core of abridged square,stepo which forms 
second dopant layer which contains low index of refraction 

conversion molecule 

From dopant layer of (d ) aforementioned first and second, 
aforementioned low index of refraction conversion molecule 
doping is done in optical waveguiding core of 
theaforementioned abridged square, about outside and comer 
of optical waveguiding core ofaforementioned square, 
aforementioned low index of refraction conversion molecule 
step which maldistribution amount fabric is done is included 
in the high concentration with , manufacturing methodo of 
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plane optical waveguide 
[Claim 7] 

manufacturing methodo of plane optical waveguide to which 
aforementioned step (d ) includes thermal processing process, 
states in Claim 6 

[Claim 8] 

As for aforementioned low index of refraction conversion 
molecule, with fluorination compatibility molecule , 

polymeric material and doping which form aforementioned 
optical waveguiding core due to thetreatment of at least one 
kind which is selected from group which consistsof ultraviolet 
treatments electron beam treatments plasma treatment and ' 
thermal processing, reactive group which aforementioned 
fluorination compatibility molecule which is a 
aforementioned low index of refraction conversion molecule 
which is done hasreacting, manufacturing methodo of plane 
optical waveguide which both executes step which 
solidification is done with chemical bond, states in Claim 6 or 
7 

[Claim 9] 

With plane optical waveguide which possesses optical 
waveguide core, 

Aforementioned optical waveguide core is formed on 

substrate, 

low refractive index layer which possesses low index of 
refraction conversion molecule is formed in the periphery of 
aforementioned optical waveguide core. 

Aforementioned optical waveguide core contains 
aforementioned low index of refraction conversion molecule 
in periphery, plane optical waveguidco 

[Claim 10] 

plane optical waveguidCo which aforementioned low index 
of refraction conversion molecule about the outside of 
aforementioned optical waveguide core amount fabric has 
done in the high concentration, states in Claim 9 

[Claim 11] 

On substrate, stepo which forms dopant layer which contains 
the low index of refraction conversion molecule 

optical waveguide core is formed with respect to 
aforementioned dopant layer, afterthat, step which does heat 
treatment is included, manufacturing methodo of the plane 
optical waveguide 

[Claim 12] 

On substrate, stepo which forms optical waveguide core 
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In periphery of aforementioned optical waveguide core, 
dopant layer whichcontains low index of refraction 
conversion molecule is formed, after that, step which does 
heat treatment is included, manufacturing methodo of plane 
optical waveguide 

[Claim 13] 

On substrate, stepo which forms first dopant layer which 
contains the low index of refraction conversion molecule 

stepo which forms optical waveguide core with respect to 
aforementioned first dopant layer 

In order to cover aforementioned optical waveguide core, 
with respect toaforementioned first dopant layer, second 
dopant layer which contains low index of refraction 
conversion molecule is formed, after that, step which does 
heat treatment is included, manufacturing method© of plane 
optical waveguide 

[Claim 14] 

In order in cross section of aforementioned optical waveguide 
core, for concentration lineof aforementioned low index of 
refraction conversion molecule etc almost to become the 
round shape, manufacturing methodo of plane optical 
waveguide which it heats, from Claim 1 1 states in any one of 
13 

[Claim 15] 

In fluorination polymeric material of at least one kind which 
is selected from group whichconsists of fluorinated 
polyimide^ fluorination polymethacry late ^ and fluorination 
polysiloxane, it is constituted from polymer composition 
where fluorination compatibility molecule where fluorine 
concentration is high in comparison with theaforementioned 
fluorination polymeric material is added, polymer optical 
waveguide© 

[Claim 16] 

polymer optical waveguide o which about outside of cross 
section of aforementioned polymer optical waveguide, 
aforementioned fluorination compatibility molecule 
maldistribution amount fabric has done in the high 
concentration, states in Claim 1 5 

[Claim 17] 

reactive group which aforementioned fluorination 
compatibility molecule has and reactive group which 
theaforementioned fluorination polymeric material has 
reacting, it possesses chemical bond which wasformed. Claim 
1 5 or polymer optical waveguidco which is stated in 16 

[Claim 18] 
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As for aforementioned fluorination polymeric material, with 
fluorinated polyimide , 

As for aforementioned fluorination compatibility molecule, 
following (1)- (3) 

It is selected from (1) polyvinyl pyrrolidone> (2) (methyl 
methacrylate vinyl pyrrolidone ) copolymer^ and (3) 
polymethylmethacrylate and thegroup which consists of 
composition of (methyl methacrylate vinyl pyrrolidone ) 
copolymer, it is a fluoride of vinyl pyrrolidone 
backbone-containing compound, polymer optical waveguidco 
which from Claim 15 is stated in any one ofl7 

[Claim 19] 

As for aforementioned fluorination polymeric material, with 
fluorination polymethylmethacrylate resin , 

Aforementioned fluorination compatibility molecule is 
organic compound which possesses tertiary fluoromethyl 
group, the polymer optical waveguideo which from Claim 1 5 
is stated in any one of 1 7 

[Claim 20] 

As for organic compound which possesses aforementioned 
tertiary fluoromethyl group, at least one inside OH group^ 
epoxy group and isocyanate group possessing, 

at least one of aforementioned OH group ^ aforementioned 

epoxy group and theaforementioned isocyanate group and 
carboxyl group in aforementioned fluorination 
polymethylmethacrylate resin reacting, polymer optical 
waveguideo where it forms chemical bond, is fixed with 
that,states in Claim 19 

[Claim 21] 

As for aforementioned fluorination polymeric material, with 
fluorination polysiloxane , 

Aforementioned fluorination compatibility molecule is 
siloxane skeleton compound which possesses tertiary 
fluoromethyl group, the polymer optical waveguideo which 
from Claim 15 is stated in any one of 17 

[Claim 22] 

As for aforementioned siloxane skeleton compound which is 
added to aforementioned fluorination polysiloxane, at least 
one of Si- OH group and Si- CI group possessing, 

at least one of aforementioned Si- OH group and 
aforementioned Si- CI group and reactive group in 
aforementioned fluorination polysiloxane reacting, polymer 
optical waveguideo whichpossesses chemical bond which 
was formed, states in Claim 21 

[Claim 23] 
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Specification 

[0001] 

[0002] 

[fi£*0fttS] 
[0003] 



Furthermore, polymer optical waveguidco where organic 
compound which has aforementioned fluorination 
compatibility basis and immiscibility basis which possesses 
active hydrogen together, is addedin aforementioned 
fluorination polymeric material with 2 wt%, or less states in 
Claim 15 

[Claim 24] 

As for aforementioned fluorination compatibility basis, 
-CFi-jHa-o basis, =CF2 basis, -C„FmH2n.ii.+i basis (nO 1, 2 
nOmDl X -CnFn,H2n-m basis (nai,2nDmDl ), and 
-CeFmHe-m with at least 1 kind which is selectedfrom group 
which consists of basic (5 >= mD 1 ), 

immiscibility basis which possesses aforementioned active 
hydrogen, -CONH2 basis, -NH3 basis, is at least 1 kind which 
is selected from groupwhich consists of -OH groups and 
-COOH group, polymer optical waveguideo which is stated 
in the Claim 23 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards plane optical waveguide and its 
manufacturing method which are utilized in the optical 
communication ^ optical computing etc. 

Especially, it regards plane optical waveguide and its 
manufacturing method which are formed from polymeric 
material. 

[0002] 

[Prior Art] 

technology of optical communication^ optical computing 
advances and development of part for the optical transmission 
line^ semiconductor laser^ photodetector or other various 
optical communication is desired attendant upon utilization of 
optical communication system. 

or other condition to which, as for optical transmission line 
which light signal transmission is donebeing important, 
optical loss is small even among them, furthermore cando 
production easily is required. 

[0003] 

optical transmission line are those of quartz-based which 
designates quartz as the base and those of organic type which 
designates organic polymeric material as base. 

Even among them, optical transmission line which possesses 
optical waveguide (polymer waveguide ) of organic polymer 
typeof plane type although clarity^ heat resistance^ or 
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[0006] 

m 8(a)IZ^-rj:9lC.fie3S(7):^U— 
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M^^^nt^ibU^^TM 300 tmisbj2<tti. 
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[0007] 
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[0008] 
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performance of transparent film is inferiorin comparison with 
those of quartz-based, is superior in softening,expectation is 
high from thing or other aspect which it can form the 
transparent film easily, can produce quantity of production 
step smaller with the low cost. 

[0004] 

As material of polymer optical waveguide, other than Japan 
Unexamined Patent Publication Hei 9-251 1 13 disclosure, 
Hikita truth and Imamura Saburo "electronic material ",32 
pagCx 1996 February numbers and Maruno being transparent 
"Oyobutsuri (Applied Physics )", in 6 th Vol.8. No.l (1999) 
etc, are represented many polymeric material are disclosed in 
the polymethylmethacrylate, silicone resin, epoxy resin etc 
including fluorinated polyimide. 

[0005] 

While referring to Figure 8 (a ) and (b ), you explain 
concerning the plane optical waveguide of conventional 
polymer type. 

Figure 8 (a ) and (b ), respectively, has shown cross section . 
configuration of plane optical waveguide in schematic. 

[0006] 

As shown in Figure 8 (a ), as for conventional plane optical 
waveguide, underside cladding layer 200 where cross section 
has slot of square on substrate 100 is formed, in order for the 
core layer 300 which consists of organic polymeric material 
in slot to be imbedded,furthermore, to imbed core layer 300 
those where topside cladding layer 400 was formed. 

[0007] 

Or, as shown in Figure 8 (b ), as for conventional plane 
optical waveguide, underside cladding layer 201 is formed on 
substrate 101 , in order for core layer 301 where cross section 
consists of the organic polymeric material of square on 
underside cladding layer 201 to be formed, to imbedded core 
layer 301 those where topside cladding layer 401 was formed. 

[0008] 

[Problems to be Solved by the Invention] 

conventional way when cross section shape of core layer 30 0, 
3 01 which becomes optical waveguide is square, while 
reflecting optical waveguide, there was a possibility where the 
light path length of light which wave conduction is done 
becomes long abovenecessity. 

Furthermore, transport loss and disorder of light were caused 
with the boundary of one edge and one edge of square. 

Consequently, cross section shape of core layer is round, it is 
desirable. 
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[0009] 

But, with conventional plane optical waveguide, on 
production method, as for cross section shape of core layer 
itbecomes square. 

With method which is shown in Figure 8 (a ), in order slot of 
underside cladding layer 200 to form with etching , as for 
cross section shape of core layer 300 itbecomes square, in 
same way, even with method which is shownin Figure 8 (b ), 
because core layer 301 itself is formed with etching ,cross 
section shape of core layer 301 becomes square. 

[0010] 

In addition, this applicant several examining method which 
forms the cross section of optical waveguide in round, has 
disclosed that in Japan Patent Application 2000-180648 
number. 

But, as for these method, in order existing process to use 
process whichdiffers completely, problem that occurs anew 
cost becomes high. 

[0011] 

On one hand, in order to actualize optical transmission line of 
low optical loss,especially, film forming behavior of uniform 
transparency^ high quality which does not have light 
dispersion isrequired to polymeric material of optical 
waveguide which becomes core layer. 

When actualizing core layer where clarity is high, obstructing 
the stacking and crystallization of intermolecular, in order to 
make amorphous, with the conventional polymer optical 
waveguide, it introduced bulky molecule component in 
polymer. 

But, with this kind of technique, problem that occurs property 
of the matrix of polymer is easy to become fragility. 



[0012] 

^^^mat^t^^m^iz^^xu^Mztoxh 
mmmznmsim^^t^yiy-i'-^miSL 

i:{zmixtz^^^^m}6i^immti>ztiztj: 

[0013] 

[SH^»*f4fctf)a)^l6] 



[0012] 

As for this invention considering to points which catch, 
beingsomething which it is possible, first objective of this 
invention is to offer the plane optical waveguide and its 
manufacturing method which substantially possess circular 
cross section with theeasy process. 

And, second objective of this invention, as uniform 
transparency of optical waveguide is raised,means to offer 
polymer optical waveguide which is superior in durability^ 
adhesiveness etc. 

[0013] 

[Means to Solve the Problems] 

With this invention as for first plane optical waveguide, with 
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[0015] 
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[0017] 



[0018] 
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plane optical waveguide which has laminated film which was 
formed on substrate and optical waveguide core which was 
formed in theaforementioned laminated film, as for cross 
section of aforementioned optical waveguide core,with 
abridged square , dopant layer which contains low index of 
refraction conversion molecule to be provided in periphery of 
aforementioned optical waveguide core whichpossesses cross 
section of aforementioned abridged square, Aforementioned 
low index of refraction conversion molecule which is 
contained inaforementioned dopant layer, about outside and 
comer of theaforementioned optical waveguide core with high 
concentration, maldistribution amount fabric has donein 
aforementioned optical waveguide core, with that, gray dead 
type optical waveguide isformed. 

[0014] 

In a certain embodiment, aforementioned dopant layer is 
formed on theaforementioned substrate, aforementioned 
optical waveguide core is formed onaforementioned dopant 
layer. 

[0015] 

In a certain embodiment, aforementioned dopant layer is 
formed to topside of aforementioned optical waveguide core. 

[0016] 

Aforementioned optical waveguide core is formed from 
polymeric material, aforementioned low index of refraction 
conversion molecule is formed from fluorination 
compatibility molecule where fluorine concentration ishigh in 
comparison with aforementioned polymeric material , 
aforementioned fluorination compatibility molecule reacting 
with reactive group which aforementioned polymeric material 
has, isfixed with chemical bond, it is desirable . 

[0017] 

As for aforementioned polymeric material, with fluorination 
polymeric material of at least one kind which isselected from 
group which consists of fluorinated polyimide^ fluorination 
polysiloxancx fluorination poly methacrylate resin, as for 
theaforementioned low index of refraction conversion 
molecule, it is constituted from the fluorination compatibility 
molecule where fluorine concentration is high in comparison 
with aforementioned fluorination polymeric material , it is 
desirable . 

[0018] 

manufacturing method of first plane optical waveguide on (a ) 
substrate, on stepo (b ) aforementioned substrate which 
forms first dopant layer which contains low index of 
refraction conversion molecule, forms thin film which 
becomes optical waveguiding core with this invention , 
next,etching does aforementioned thin film, stepo (c ) cross 
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[0019] 
[0020] 

T^fcy . SCHISMS. l^$Sias. 
<tt-ffl(D«aSlCct:y. fIlH3t»;1^3T^ti/S 
tff*1b»^rfcSfIIB3?^v^^bfflJ§14»^-;b< 
^T*Stt:1b$1tSxS$Slft-r^)Ci:A<»*L 



[0021] 



[0022] 

[0023] 



section where the cross section forms optical waveguiding 
core of abridged square in topside of aforementioned optical 
waveguiding core of abridged square. From dopant layer of 
stepo (d ) aforementioned first and second which forms the 
second dopant layer which contains low index of refraction 
conversion molecule, theaforementioned low index of 
refraction conversion molecule doping is done in optical 
waveguiding core of aforementioned abridged square, about 
outside and comer of the optical waveguiding core of 
aforementioned square, aforementioned low index of 
refraction conversion molecule step which maldistribution 
amount fabric is done is included in high concentration with , 

[0019] 

In a certain embodiment, aforementioned step (d ) includes 
thermal processing process. 

[0020] 

As for aforementioned low index of refraction conversion 
molecule, with fluorination compatibility molecule , the 
polymeric material and doping which form aforementioned 
optical waveguiding core due to thetreatment of at least one 
kind which is selected from group which consistsof ultraviolet 
treatments electron beam treatments plasma treatment and 
thermal processing, reactive group which aforementioned 
fluorination compatibility molecule which is a 
aforementioned low index of refraction conversion molecule 
which is done hasreacting, both executes step which 
solidification is done with chemical bond is desirable. 

[0021] 

As for second plane optical waveguide, with plane optical 
waveguide which possesses optical waveguide core, as for 
theaforementioned optical waveguide core, we are formed on 
subsU^te with this invention , the low refractive index layer 
which possesses low index of refraction conversion molecule 
is formed in the periphery of aforementioned optical 
waveguide core, aforementioned optical waveguide core 
containsaforementioned low index of refraction conversion 
molecule in periphery. 

[0022] 

Aforementioned low index of refraction conversion molecule 
about outside of theaforementioned optical waveguide core 
amount fabric has done in high concentration, it isdesirable . 

[0023] 

With this invention manufacturing method of second plane 
optical waveguide on substrate, forms optical waveguide core 
with respect to stepo aforementioned dopant layer which 
forms the dopant layer which contains low index of refraction 
conversion molecule afrer that,includes step which does heat 
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[0024] 

*36B^iccksm 3 oifiy-i—tftmimom 

[0025] 

[0026] 

[0027] 

^^h\ >v^<b7K'J^^^UU-h. fc<fcl/3?^y* 
1b7tt'JvD++^>;()^b^|:SII;!)NbilS;$n^d'^ 
^i:<<!:t-fiCD:7^>*^biS^j^^tt*4(c. fiKT'^v 
^^biS!»^«**ckyt>y^^lJtA<iSL^7^>m 
<bffiJ§tt»^A<^iD$tifciiI^^^jafi!c«fl*^b 

[0028] 

7*v«1bffi^145JTA<iiI;ljtlc(ifi5J^tfLr 
[0029] 

*t-^J^/S14S^A<SJ£LTiKjac3Ftifc<b^jg 
[0030] 



[0024] 

manufacturing method of plane optical waveguide of third on 
substrate, in periphery of the stepo aforementioned optical 
waveguide core which forms optical waveguide core, forms 
dopant layer which contains low index of refraction 
conversion molecule with this invention , afterthat, includes 
step which does heat treatment. 

[0025] 

manufacturing method of plane optical waveguide of 4 th, in 
order on substrate, to cover the stepo aforementioned optical 
waveguide core which forms optical waveguide core with 
respect to the stepo aforementioned first dopant layer which 
forms first dopant layer whichcontains low index of refraction 
conversion molecule, with respect to aforementioned first 
dopant layer, forms second dopant layer which contains low 
index of refraction conversion molecule with this invention , 
after that, includes step which does the heat treatment. 

[0026] 

in order in cross section of aforementioned optical waveguide 
core, for concentration lineof aforementioned low index of 
refraction conversion molecule etc almost to become the 
round shape, it heats it is desirable. 

[0027] 

With this invention polymer optical waveguide in fluorination 
polymeric material of at least one kind which is selectedfrom 
group which consists of fluorinated polyimide^ fluorination 
polymethacrylate^ and fluorination polysiloxane, is 
formedfrom polymer composition where fluorination 
compatibility molecule where fluorine concentration is high 
in comparisonwith aforementioned fluorination polymeric 
material is added. 

[0028] 

About outside of cross section of aforementioned polymer 

optical waveguide, theaforementioned fluorination 
compatibility molecule maldistribution amount fabric has 
done in high concentration, itis desirable . 

[0029] 

With a certain embodiment, reactive group which 
aforementioned fluorination compatibility molecule has and 
reactive group which aforementioned fluorination polymeric 
material has reacting, it possesses chemical bond which was 
formed. 

[0030] 

In a certain embodiment, as for aforementioned fluorination 
polymeric material, with fluorinated polyimide ,as for 
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[0031] 



[0032] 

«<7)5*)(7)d/^^*:<<i:t 1 oS^L.fllS OH 

<i^^t^<tt 1 oi:.8tilB7*>«<b/tvU;^^;u>^»^7 

Tlb^liS^^ ff^/SL. ^^LlzJ:oTB^1b$*l 
Tl^§Ci!:;^)<^f*U^o 

[0033] 

fllsr^^vm^biS^J^^****!*. :7*vmib7K'Ji/a 

<b^«!ir*fcoT*,J:l^ 



[0034] 

fIIE:7*v*<b7KUi/P*^^->lzgS*P3F*i'5fIIS 
vD^-thVt^lb^i^li. Si-OH*fcJ:l/Si-Cl 
S(;)'>^j:<<!:t-*S^L. MESi-OH«fcJ:i; 
fflie si-ci *(7)d^^^i:<i:*-:^<t.fifS>v^1b 
7K'Jva+-9->*0)SJ£14Si:/)<SJSLrff^jat 

[0035] 
[0036] 

mtiy-jmit^Mitrnt. -cf^sHi-o =cf2 

£ . -CnF„H2n-m^i S (n ^ U 2n ^ m ^ 1) . 
-CnF^H2n-m S (n ^ K 2n ^ III ^ 1 ) . fc J: 1/ 



aforementioned fluorination compatibility molecule, 
following (1) - (3); it is selectedfrom (1) polyvinyl 
pyrrolidone^ (2) (methyl methacrylate vinyl pyrrolidone ) 
copolymer^ and (3) polymethylmethacrylate and group 
whichconsists of composition of (methyl methacrylate vinyl 
pyrrolidone ) copolymer, it is a fluoride of vinyl pyrrolidone 
backbone-containing compound. 

[0031] 

As for aforementioned fluorination polymeric material, with 
fluorination polymethylmethacrylate resin , as for 
theaforementioned fluorination compatibility molecule, it is a 
organic compound which possesses tertiary fluoromethyl 
group, it isdesirable . 

[0032] 

organic compound which possesses aforementioned tertiary 
fluoromethyl group has at least one inside OH groups epoxy 
group and isocyanate group, at least one of aforementioned 
OH groupH aforementioned epoxy group and aforementioned 
isocyanate group and carboxyl group in theaforementioned 
fluorination polymethylmethacrylate resin react and it forms 



Kjn group^ aioremeniionea epoxy group ana aioremeniion 
isocyanate group and carboxyl group in theaforementioned 
fluorination polymethylmethacrylate resin react and it forms 
chemical bond, is fixed withthat are desirable . 



[0033] 

As for aforementioned fluorination polymeric material, with 
fluorination polysiloxane , as for theaforementioned 
fluorination compatibility molecule, it is good even with 
siloxane skeleton compound which possesses tertiary 
fluoromethyl group. 

[0034] 

Aforementioned siloxane skeleton compound which is added 
to aforementioned fluorination polysiloxane has at least one 
of Si- OH group and Si- CI group, at least one of 
theaforementioned Si- OH group and aforementioned Si- CI 
group and reactive group in theaforementioned fluorination 
polysiloxane react and it possesses chemical bond which was 
formedare desirable . 

[0035] 

Furdiermore, organic compound which has aforementioned 
fluorination compatibility basis and the immiscibility basis 
which possesses active hydrogen together, is added in 
theaforementioned fluorination polymeric material with 2 
wt% or less, it is desirable . 

[0036] 

As for aforementioned fluorination compatibility basis, 
-CFi'-3H2-o basis, =CF2 basis, -C„FmH2n.ni+i basis (nO 1, 2 
nOmni ), -CDFn»H2 n- m basis (nDI, 2 nDmOl ), and 
-C6FraH6^ with at least 1 kind which is selectedfrom group 
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l^ffijtttftli. -CONH2 -NH3 -OH 

[0037] 
[0038] 

^iS7^>*jbia5^^«*4<*:y;gt^:7*>^ 
;ljt$^t-^7^>^1bffiittt»^A<3iiD$tifc 

[0039] 



which consists of basic (5 >= mD 1 ), as for immiscibility 
basiswhich possesses aforementioned active hydrogen, 
-CONH2 basis, -NH3 basis,it is a at least 1 kind which is 
selected from group which consists of-OH groups and 
-COOH group, it is desirable . 

[0037] 

plane optical waveguide of this invention to contain low index 
of refraction conversion molecule, be ableto form optical 
waveguide which possesses refractive index difference 
because of this, in the optical waveguide core in periphery in 
optical waveguide core which was formed on substrate, the 
plane optical waveguide of gray dead type can be acquired. 

In addition, with manufacturing method of plane optical 
waveguide of this invention, it forms the dopant layer which 
contains low index of refraction conversion molecule on 
substrate,forms optical waveguide core with respect to 
aforementioned dopant layer, after that heat treatment does. 

When heat treatment it does this way, because low index of 
refraction conversion molecule of dopant layer moves to 
optical waveguide core, substantially forming optical 
waveguide of the round in optical waveguide core it is 
possible. 

[0038] 

polymer optical waveguide of this invention in fluorination 
polymeric material (fluorination polymer matrix ) of one 
which is chosenthan any of fluorinated polyimide> 
fluorination polymethacrylate^ or fluorination polysiloxane, 
is formed from polymer composition where fluorination 
compatibility molecule which possesses fluorine 
concentration which is higher than the this said fluorination 
polymeric material is added. 

With this constitution, in fluorination polymeric material, in 
comparison with fluorination polymeric material the 
fluorination compatibility molecule which possesses high 
fluorine concentration entering, fluorination compatibility 
molecule in polymeric material (matrix ), because action like 
plasticizer is done, it forms solid solution and amorphous it 
means to form molecule agglomerate. 

Therefore, vis-a-vis light, it can acquire core layer which 
possesses uniform transparency which does not have optics 
dispersion and is superior. 

In addition, in fluorination polymeric material, also index of 
reflection of portion which is addedin comparison with 
fluorination polymeric material by adding fluorination 
compatibility molecule which possesses thehigh fluorine 
concentration, can be made low. 

[0039] 
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[nm<r>nm<j>mm 

[0040] 

g| 1 lis *3lliSBS(D:^u-:>— jtaSasS© 

[0041] 



41)*lCJKfiR$tlfc3t^;Ki^=lT 31 t**LT 

»^ S SK-/^>hJi(2K 41)A<f^Jig$*i 

•5-LT, K-/<>^S(21.41)lC^^$tl■CL^/= 

Cfl)J:5lcfitt^^^l^LrL^§Ci:lcJ:■:)■C. <f[y 

[0042] 



[Embodiment of the Invention] 

While below, referring to drawing, you explain embodiment 
with the this invention . 

Regarding drawing below, for brevity conversion of 
explanation, the constituent which substantially possesses 
same function is shown withsame reference number. 

Furthermore, this invention is not limited in embodiment 
below. 

[0040] 

While referring to (first embodiment ) Figure 1, you explain 
plane optical waveguide which relatesto first embodiment 
with this invention . 

Figure 1 has shown cross section configuration of plane 
optical waveguide of this embodiment in schematic. 

[0041] 

plane optical waveguide of this embodiment laminated film 
which was formed on substrate 1 1 (21 and 41)with, has had 
optical waveguide core 3 1 which was formed in laminated 
film (21 and 41). 

optical waveguide core 3 1 has had cross section of abridged 
square, dopant layer (21 and 41) whichcontains low index of 
refraction conversion molecule is formed in periphery of the 
optical waveguide core 3 1 . 

And, low index of refraction conversion molecule which is 
contained in dopant layer(21 and 41), about outside and 
comer of optical waveguide core 3 1 with high concentration, 
the maldistribution amount fabric has done in optical 
waveguide core 3 1 . 

This way maldistribution amount fabric it has done, gray dead 
type optical waveguide is formed by . 

dopant layer, at layer which contains low index of refraction 
conversion molecule,paraphrase ^ with, is migration 
behavior molecule supply layer. 

And, low index of refraction conversion molecule, when this 
said low index of refraction conversion molecule isintroduced 
into a certain substance, is molecule saw which makes the 
index of refraction of substance low. 

[0042] 

When constitution of this embodiment furthermore is detailed, 
it seems thefollowing way. 

substrate 1 1 is formed from for example silicon, with this 
embodiment, uses substrate 1 1 where oxidized film (not 
shown in the diagram ) was formed to surface of silicon 
substrate. 
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[0043] 

lc(±,Tffii|(DK-/^>hl 2i(m 1 cDK-/^>h 
5-^100 /i m. lO/i m T'fc^o 

[0044] 

TfflK-y^VhB 21 ±(c(±.BfS*<IBSEaftJB 
31 l*.7KUv(:7^Wb7x-;u)vP+it> 

lcEgft}^^<^:^fSJ:3l3^g/a^Ftl•ct^^^l^J:l^o 

[0045] 

□7li 31 (±. 1£SfiT*1b^^i^i:LT^^;KH'J 
>r;u:j-p>^;U)i/a:^-9-> 3 fitt:(3M3FSi)$^ 

ML^SI^^i:. 7K'Jvp^v<b:7x^;u)vp:^^-9-> 
A^b?S*37g 31 lz,y^;u(hU:7;u;fP;«^ 

jU)va+-9-> 3 fif*(3M3FSi)A<K— ^^SHri^ 
Z(D 3M3FSi (±. 37)1 31 (DmmOM'bi^fb) 

Lfc;!)<oT.=i7l 31 (OEftff^CDifSICfctx 

r. n^|I|lsi:^6SST¥t^^orl^'i)o 



37li 31 \ziS{fi>Z(D^^<Dm^^J 



1 



n 1 iZTTst^oiz.mmmmit.m^bizm^o 

^^:Sl^ifBTSfl^«lzifit^^f^^i:^^oTl^-5C<!: 



Furthermore, in surface of substrate (main substrate ) which 
becomes basis 1 or,with this specification, including layer of 
that, there are times, substrate even with when layer of 
multiple was formed. 

[0043] 

dopant layer 2 1 (first dopant layer) of underside is formed on 
silicon substrate 1 1 where the oxidized film (not shown in the 
diagram ) was formed, film thickness is 10;mu m in for 
example 5-- 100 ;mu m* typical . 

dopant layer 21 low index of refraction conversion molecule 
is underside migration behavior molecule supply layer (first 
migration behavior molecule supply layer)which moves to 
core layer which becomes optical waveguide core. 

[0044] 

core layer 3 1 where cross section becomes optical waveguide 
core of abridged square (rectangle ) is formedon underside 
dopant layer 21. 

core layer 3 1 is formed from poly di (fluoride phenyl ) 
siloxane. 

If cross section shape of core layer 3 1 should have been 
abridged square, in geometric square isnot limited. 

Considered as for example production process viewpoint, in 
order substantially to become the square, if it should have 
been formed. 

[0045] 

core layer 31 contains methyl (trifluoromethyl ) siloxane 
trimer (3 M3FSi ) as low index of refraction conversion 
molecule. 

paraphrase -5 with, in core layer 3 1 which consists of poly di 
(fluoride phenyl ) siloxane,methyl (trifluoromethyl ) siloxane 
trimer (3 M3FSi ) is done dope. 

These 3 M3FSi have done about outside maldistribution doing 
in high concentration,from center of gravity (center ) of cross 
section of core layer 3 1 facing toward periphery (outside )of 
cross section amount fabric. 

Therefore, in cross section of square of core layer 31, about 
outside ithas become low index of refraction. 

Circumstances of this amount fabric in core layer 3 1 , with 
Figure 1, suchas are displayed with concentration line. 

As shown in Figure 1 , such as concentration line becomes, 
shape whichis close to extent round which faces to center of 
gravity (Almost round shape ) with hasbecome round which is 
close to extent cross section shape which becomes the outside, 
understands . 
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[0046] 

-/^>hl 21 0±\z{t. \m^mitif^^^T 
lil3^^T(K-::^)-r§/■ctt<D±«l|K-/\•>hJi 

(m 2 <DK-A>h'®)4i mmi^xi^i>o 

TfllK-zN^Vhl 21 &i;±fflK-/^>hl 41 
C(7)c*:5(ct-^Ci:lcJ:y.Tfi']K-/^>hl 21 

&r;±ffiiiK-/^>hii4i Says 31 icj^f-s^; 

[0047] 

*<b»^^A<. 31 CD^mSScfcytiill^ 

it^^^^i^^tt^t.^TM 31 lcK-^$*t 
fc7^>«1bffl}§14^^$. ^^y^^biS^i^^vKU 

X^^o 

[0048] 

SK$-l±T. ib^jS^lcJ:yB^<b-r4Ci:*< 

^}^/)<:7^vmib;i;^j^^^Ti>u^77.«T'ffitfcUcf 
$b(z.zi7ii 31 {ztsiii>mm(Dmwyym 

i\ m<4i*«sfcy(D»mis^-a)sa$c>5p 

[0049] 

&mmmiti^^tLx\t. -simimm^^ti> 



[0046] 

In order to cover core layer 3 1 , topside dopant layer because* 
of (dope ) it moves to core layer (second dopant layer) 41 is 
formed low index of refraction conversion molecule with 
respect to dopant layer 2 1 of core layer 3 1 and underside. 

As for underside dopant layer index of refraction forms 21 
and topside dopant layer 41, with low material in comparison 
with index of refraction of core layer 31 is desirable. 

By making this way, underside dopant layer you can use 21 
and topside dopant layer 41 as cladding layer for core layer 
31. 

[0047] 

In addition, when core layer 3 1 is formed from fluorination 
polymeric material (fluorination polymer matrix ), when the 
low index of refraction conversion molecule, has high 
fluorine concentration in comparison with the fluorine 
concentration of core layer 31, at same time, makes 
fluorination compatibility molecule which operatesas 
plasticizer in fluorination polymer matrix of core layer 31, 
because in core layer 3 1 can use fluorination compatibility 
molecule which dope is done» in fluorination polymer matrix 
is possible ,as plasticizer and improving brittle (cracking ), 
From it can make optical waveguide which is superior in 
transparency^ film forming behavior^ uniformity. 

[0048] 

in addition, in this case, reactive group of fluorination 
compatibility molecule and reactive group in the fluorination 
polymer matrix reacting, it fixes with chemical bond it is 
desirable. 

When it makes this way, fluorination compatibility molecule 
which dope is done in the fluorination polymer matrix, 
because scattering it does not do, fixed composition is 
maintainedeven under thermal environment, polymer optical 
waveguide where it is possible , the stability over time is high 
and is superior can be acquired. 

Furthermore, because fluorine concentration of outside of 
cross section in core layer 3 1 increases, it becomes low index 
of refraction in portion, it enlarges refractive index difference 
in cladding-core, it is possible , can make propagation 
characteristicof light good. 

Furthermore, fluorine concentration calls density of fluorine 
atom, it is number of fluorine atoms of per unit volume, 
(fluorine number/cm^ ). 

[0049] 

As low index of refraction conversion molecule, molecule 
which possesses alkyl group, alkoxy group, ester group ^ 
carbonate group etcwhich possesses plasticizing effect is 
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[0050] 
[0051] 

=3Ti 31 mf&ti>.yym^^t'yvmitM 

[0052] 

(i) 3?^v^1bii;5i^T-ThU^7X<!:LT.7^:^*1b7K 
T;:R(D(lH3)<DL^■r^lA^«j:ySl^tLfct:-J^e 

p'JK>tft^*^b^!|53(?)7'v^b^^^^fflL^*a) 

[0053] 

(1) 7t^'je-;i/eQ'JK> 

(2) (>^ju-/5r^7'ju-h-e-;i/ep'jK»*« 

(3) 7KU^^;u>^^7UU-h<i:(pt^;u>5'^7gu- 

e-;uepuK>tt&^*<b^1^3li.7f:u-<^K 
1?3t:7^v^{b7KU-<SKlc«LT«?§1tA<iI<g 



[0054] 



m^lZ^S.it(D COOH S&i;-NH-SA<^<?i 

epUK>tlS#^<b^?^gt^Sl5$ltT. ^b^ 

e^T-as<b$*ifciS$j^3t»«K^#^o 

[0055] 



selected is desirable. 
[0050] 

behavior where low index of refraction conversion molecule 
which possesses theabove-mentioned plasticizing action is 
fixed with chemical bond polymer composition which the 
outside is plasticized exactly "internal plasticization" by 
immobilization reaction to be semantic ,becoming soft 
segment in polymer, it does function which gives the 
preferred mechanical property and optical property. 

[0051] 

There is a (i ) fluorinated polyimide^ (ii ) fluorination poly 
methyl methacrylate resin^ (iii ) fluorination polysiloxane 
etc fluorination polymeric material which forms core layer 3 1 , 
includes fluorine (fluorination polymer matrix ) as. 



[0052] 

As (i ) fluorination polymer matrix, when fluorinated 
polyimide is used, following (1) - it isdesirable from any of 
(3) as fluorination compatibility molecule to use fluoride of 
vinyl pyrrolidone backbone-containing compound which is 

chosen. 

[0053] 

(1) polyvinyl pyrrolidone 

(2) (methyl methacrylate-vinyl pyrrolidone ) copolymer 

composition of (3) polymethylmethacrylate and (methyl 
methacrylate-vinyl pyrrolidone ) copolymer 

vinyl pyrrolidone backbone-containing compound because 
compatibility is high vis-a-vis polyimide, in sameway 
becomes dopant where compatibility is superior highly 
fluoride vis-a-vis fluorinated polyimide. 

[0054] 

Generally, as for polyimide, because with thermal 
condensation polymerization of the solid membrane where 
molecule diflusivity is small crosslinking it is done in imide 
structure,there is a deficiency that unreacted group which 
condensation polymerization it is not possible in solid 
membrane remains mainly, but because also fluorinated 
polyimide does similar curing reaction, unreacted COOH 
group and -NH- basis remains mainly in solid membrane. 

Therefore, these unreacted group and vinyl pyrrolidone 
backbone-containing compound which fluorination is done 
reacting,you obtain polymer optical waveguide which is fixed 
with chemical bond. 

[0055] 
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7.'PizS.!t\fMm& COOH »*<t#btl-5fc 

to. c*isiis<bsiiE;iw?iifflT?t5. 

[0056] 

LTIi, OH tt, i/K^vS, -rVvTt-— hSCD 
<b$4x§o 

[0057] 

(iii) yymitni^^-7h*)<?:x.tLX.yvmit 

□^•9->tft<b^«jSfflt^^<DA<»*U^ 
7-ymib?K'JvD4^^t>lcm=ii»7;u:l-D^^;u 

l^o■^■5SM1tA<a;<HST¥cDffiL^g 

[0058] 

i/'j=i-><aBi(;fta$ti.^?K'jvp^-y->ii. 

va+-9->-tlS<b^^$<iSii-^fi$-a-T, *|| 
lilgJ&®fl)7-v*<bS^J-^vh'J^7^l4«tfiK*4x 



As (ii ) fluorination polymer matrix, when fluorination poly 
methyl methacrylate resin is used, it is desirable to use 
organic compound which possesses tertiary fluoromethyl 
group as fluorination compatibility molecule. 

As strain of structure decreases due to fact that organic 
compound which possesses tertiary fluoromethyl group in 
fluorination poly methyl methacrylate is added, amorphous 
characteristicincreasing, optical resin where transparency to 
be more high index of refraction is lowand is superior can be 
formed. 

If ester of part hydrolysis it does fluorination poly methyl 
methacrylate resin, because the reactive functional group 
COOH group is acquired in polymer matrix, this can be 
utilized in immobilization reaction. 

[0056] 

Those which possess any of OH groups epoxy groups 
isocyanate group as organic compound whichpossesses 
tertiary fluoromethyl group, are desirable, reacting with 
aforementioned unreacted carboxyl group in fluorination poly 
methyl methacrylate resin, forming ester bond and urethane 
bond and epoxy hardening connection, etc are fixed. 

[0057] 

As (iii ) fluorination polymer matrix, when fluorination 
polysiloxane is used, it is desirable to use the siloxane 
skeleton compound which possesses tertiary fluoromethyl 
group as fluorination compatibility molecule. 

As strain of structure decreases due to fact that siloxane 
skeleton compound which possesses tertiary fluoromethyl 
group in fluorination polysiloxane is added, amorphous 
characteristicincreases, it can make optical resin where 
transparency to be more high the index of refraction is low 
and is superior. 

[0058] 

As for polysiloxane which is represented in silicone resin, 
with transparent ,and, as for fluorination polysiloxane which 
methyl group ^ phenyl group or other substituent fluorination 
is done furthermore index of re&action decreased is optical 
resin which is superior even with this itself. 

Furthermore maldistribution amount fabric doing siloxane 
skeleton compound which possesses the tertiary fluoromethyl 
group in this, fluorination polymer matrix of this embodiment 
is formed. 

When in order furthermore to make clarity of infrared region 
which isneeded for optical waveguide high, deuterium is 
introduced in polysiloxane, itis. 
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»-^:7x:z;uS(z. OH a-^ COOH S^fif (DS 



[0060] 

;£$ljl?B-r4fc«)(7)XSBfSI21-Cfc*o 
[0061] 

Tcfedlc. ^<D»te 1 1 ±lz. imifrmti^'i't 
LX(D 3M3FSi /"K'J v(h»J:7*y^b:7x:::;U)v 

;i/x>j§;-s$+^;^hLr.TfflK-/<>h® 21 
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[0059] 

In addition, if fluorination polysiloxane of reactivity, in 
methyl group and phenyl group which are a organic 
substituent of fluorination polysiloxane, introduces OH group 
and COOH group or other reactive functional group, itcan 
acquire easily. 

And, is fixed maldistribution amount fabric in polymer matrix 
aforementioned siloxane skeleton compound which with such 
as ester bond is done and urethane bond and amide bond and 
epoxy hardening connection. 

[0060] 

While next, Figure 2 (a ) - referring to (d ), you explain 
manufacturing method of plane optical waveguide which 
relates to this embodiment. 

Furthermore, Figure 2 (a ) and (d ) is step sectional view in 
order to explain manufacturing method of this embodiment. 

[0061] 

First, after preparing substrate 1 1 which consists of silicon 
where the oxidized film (not shown in the diagram ) was 
formed to surface, as shown in Figure 2 (a ), on the substrate 
1 1, cast doing 3 M3FSi and fluoro toluene solution which 1: 
contains the poly di (tri fluoride phenyl ) siloxane with weight 
ratio of 1 as low index of refraction conversion molecule, 
itforms underside dopant layer 2 1 . 

thickness of underside dopant layer 2 1 is for example 1 0 ;mu 
m. 

[0062] 

As next, shown in Figure 2 (b ), with respect to underside 
dopant layer 2 1 , the poly di (fluoride phenyl ) siloxane thin 
film is formed, next, etching is administered with the oxygen 
plasma , cross section which becomes optical waveguide core 
forms core layer 3 1 of square. 

[0063] 

As next, shown in Figure 2 (c ), in order to cover core layer 
3 1 , on the core layer 3 1 and underside dopant layer 2 1 , 
topside dopant layer 41 is formed. 

It executes formation of topside dopant layer 4 1 , making use 
of same fluoro toluene solution as underside dopant layer 21. 



topside dopant layer 41 is formed making use of same fluoro 
toluene solution as 3 M3FSi and underside dopant layer as 
namely, low index of refraction conversion molecule 21 
which I : contains the poly di (tri fluoride phenyl ) siloxane 
with weight ratio of 1. 

[0064] 
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As next, shown in Figure 2 (d ), it contains in underside 
dopant layer 21 and topside dopant layer 41, moving to core 
layer 31, (doping ) maldistribution amount fabric it does3 
M3FSi which are a low index of refraction conversion 
molecule. 

This doping is done by thermal processing doing with 
temperature of for example 150 deg C. 

[0065] 

This time, underside dopant layer in outside^ namely 
underside dopant layer of core layer 3 1 and topside dopant 
layer 41 moving from portion which is close 21, in 
order(doping ) to go, in underside dopant layer about portion 
which is close 21 and topside dopant layer 41 maldistribution 
amount fabric it does 3 M3FSi in 21 and topside dopant 
layer41, in high concentration. 

Especially, in order about comer of square maldistribution 
amount fabric to do in high concentration, as for core layer 
3 1, as for cross section as the optical waveguide it becomes 
round substantially, becomes optical waveguide of gray dead 
type. 

Furthermore, when wave conduction it does light in core layer 
31, observes from endface of core layer 3 1, it had almost 
shone in round with the center (center of gravity of square ) of 
core layer 3 1 as center. 

Furthermore, when optical waveguiding characteristic is 
measured, coherent light transmission where SN ratio is high 
does, understood . 

[0066] 

In addition, 3 M3FSi after moving, furthermore core layer 31 
curing isdone in core layer 3 1 with electron beam 
illumination , furthermore stability optical waveguide of gray 
dead type can be acquired by fixing 3 M3FSi which are a 
dopant molecule. 

Because this, mutually can lock reactive group of 3 M3FSi 
which dope are done and reactive group of core layer 3 1 
inside matrix of core layer 3 1 with chemical bond . 



In this case, as for optical waveguide of core layer 3 1 which 
electron beam illumination is done,change over time becomes 
small in approximately 1/12 in comparison with thosewhich 
electron beam illumination are not done. 

Furthermore, with first embodiment, it fixed with electron 
beam illumination , but with the material of core layer 3 1 and 
low index of refraction conversion molecule, it can also adopt 
method which is fixed with ultraviolet lights plasma^ or 
heat. 
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[0067] 

While below (second embodiment ), referring to Figure 3, you 
explain plane optical waveguide which relates to second 
embodiment. 

Furthermore, Figure 3 has shown cross section configuration 
of plane optical waveguide which relatesto this embodiment 
in schematic. 

Furthermore, in order to assure brevity conversion of 
explanation,it abbreviates or simplifies concerning 
explanation which issimilar to above-mentioned first 
embodiment. 

[0068] 

Regarding plane optical waveguide of this embodiment, on 
substrate 12 which consists of the silicon where oxidized film 
(not shown ) was formed, underside dopant layer in order to 
move to core layer (first dopant layer) 22 is formed low index 
of refraction conversion molecule. 

thickness of underside dopant layer 22 is for example 10 ;mu 
m. 

[0069] 

core layer 32 where cross section becomes optical waveguide 
core of square is formed on underside dopant layer 22. 

core layer 32 consists of poly di (fluoride phenyl ) siloxane, 
contains (trifluoromethyl methacrylate-vinyl pyrrolidone 
(weight concentration=3:l )) copolymer oligomer (3 
FMMA-VPY ) as low index of refraction conversion 
molecule. 

3 FMMA-VPY have done about outside maldistribution doing 
in high concentration,from center of gravity of cross section 
of core layer 32 facing toward periphery (outside ) of cross 
section amount fabric. 

Furthermore, with Figure 3, circumstances of this amount 
fabric in the core layer 32, such as are displayed with 
concentration line. 

As shown in Figure 3, such as concentration line becomes, 
shape whichis close to extent round which faces to center of 
gravity (Almost round shape ) with hasbecome round which is 
close to extent cross section shape which becomes the outside, 
understands . 

[0070] 

In order and, to cover core layer 32, topside dopant layer 
which moves to the core layer (second dopant layer) 42 is 
formed low index of refraction conversion molecule with 
respect to underside dopant layer 22. 
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[0071] 

While next. Figure 4 (a ) - referring to (d ), you explain 
manufacturing method of plane optical waveguide which 
relates to this embodiment. 

Furthermore, Figure 4 (a ) - (d ) is step sectional view in order 
to explain manufacturing method of this embodiment, 

[0072] 

First, as shown in Figure 4 (a ), on substrate 12 which consists 
of (not shown in the diagram ) silicon which formed oxidized 
film, film thickness forms underside dopant layer 22 of for 
example 10 ;mu m. 

cast doing 3 FMMA-VPY and N- methyl pyrrolidone solution 
which I : contains poly di (tri fluoride phenyl ) siloxane with 
weight ratio of 1, as low index of refraction conversion 
molecule it forms underside dopant layer 22. 

[0073] 

As next, shown in Figure 4 (b ), with respect to underside 
dopant layer 22, the dimethylacetamide (DMAc ) solution of 
(6 FDA-ODA ) polyamic acid coating fabric is done, next, the 
thermal processing of 1 hour is administered with temperature 
of 250 degrees and the fluorinated polyimide membrane is 
formed. 

After that, administering etching with oxygen plasma , cross 
section whichbecomes optical waveguide forms core layer 32 
of square. 

Here, 6 FDA, with 2 and 2 &apos;-bis (3 and 4 
-dicarboxyphenyl ) hexafluoropanedianhtdride , as for 
ODA, theyare 4 and 4 &apos;-oxydianiline. 

[0074] 

As next, shown in Figure 4 (c ), in order to cover core layer 
32, withrespect to underside dopant layer 22, topside dopant 
layer 42 is formed. 

topside dopant layer 42 is formed making use of N- methyl 
pyrrolidone solution which is similar to underside dopant 
layer 22. 

As namely, low index of refraction conversion molecule it is 
formed making use of 3 FMMA-VPY and N- methyl 
pyrrolidone solution which 1 : contains poly di (tri fluoride 
phenyl ) siloxane with weight ratio of 1. 

[0075] 

As next, shown in Figure 4 (d ), 3 FMMA-VPY which are a 
low index of refraction conversion molecule which is 
contained in underside dopant layer 22 and topside dopant 
layer 42, movingto core layer 32, (doping ) maldistribution 
amount fabric it does. 
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This is done by thermal processing doing with temperature of 

140 deg C. 

[0076] 

This time, in order in outside^ namely underside dopant 
layer of core layer 32 and topside dopant layer 42 to move 
from portion which is close 22, in underside dopant layer 
about portion which is close 22 and topside dopant layer 42 
maldistribution amount fabric it does 3 FMMA-VPY, in high 
concentration. 

Especially, in order about comer of rectangle maldistribution 
amount fabric to do in high concentration, as for core layer 
32, as for cross section as the optical waveguide it becomes 
round substantially, becomes optical waveguide of gray dead 
type. 

Furthermore, when wave conduction it does light in core layer 
32, observes from endface of core layer 32, it had almost 
shone in round with the center (center of gravity of square ) of 
core layer 32 as center. 

Furthermore, when optical waveguiding characteristic is 
measured, coherent light transmission where SN ratio is high 
does, understood . 

[0077] 

In addition, 3 FMMA-VPY after moving, furthermore 
crosslinking doing the core layer 32 in core layer 32 with 
ultraviolet light illumination , furthermore stability it 
canacquire optical waveguide of gray dead type by fixing 3 
FMMA-VPY. 

Because as for this, mutually it can lock reactive group of 3 
FMMA-VPY which dope are done and reactive group of core 
layer 32 inside matrix of the core layer 32 with chemical 
bond . 

In this case, as for optical waveguide of core layer 32 which 
ultraviolet light illumination is done,change over time 
becomes small in approximately 1/9 in comparison with 
thosewhich ultraviolet light illumination are not done. 

[0078] 

plane optical waveguide which relates to embodiment of 
above-mentioned first and second issomething which 
possesses low index of refraction conversion molecule in 
periphery in optical waveguide core which was formed on 
substrate. 

Because of this, be able to form optical waveguide which 
possesses refractive index difference in optical waveguide 
core, plane optical waveguide of gray dead type can be 
acquired. 

[0079] 
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Especially, optical waveguide of gray dead type is suitable 
wavelength multiple optical communication 
whoseexpectation is high as future high speeds high capacity 
communication (WDM ) as optical waveguide of 
business,these plane optical waveguide quite are useiul 
because optical waveguide for wavelength multiple isformed. 

[0080] 

In addition, manufacturing method of plane optical waveguide 
of embodiment which descriptionabove is done forms dopant 
layer which contains low index of refraction conversion 
molecule on substrate, forms optical waveguide core with 
respect to this said dopant layer, after that it is something 
which heat treatment is done. 

Therefore, it depends on heat treatment doing, low index of 
refraction conversion molecule of dopant layer can move to 
optical waveguide core, can form optical waveguide of round 
substantially in optical waveguide core. 

In addition, it is possible also to produce easily making use of 
the existing facility. 

[0081] 

(embodiment of third ) Next, polymer waveguide which 
relates to embodiment of third isexplained. 

Here, embodiment and overlap which description above are 
donethere is also a content which is done, as premise which 
explains the polymer optical waveguide which relates to 
embodiment of third, but element which isin common to 
polymer waveguide of this embodiment is explained first first. 

[0082] 

In same way as embodiment of above-mentioned first and 
second, also the core layer in embodiment of third, is formed 
from fluorination polymeric material (fluorination polymer 
matrix ). 

It is constituted from material of any of for example 
fluorinated polyimide^ fluorination polymethaciylate^ or 
the fluorination polysiloxane. 

[0083] 

fluorination compatibility molecule which possesses high 
fluorine concentration in comparison with fluorination 
polymer matrix being added (doping ), as for fluorination 
polymer matrix, polymer composition is formed in 
fluorination polymer matrix . 

Here, polymer composition, although it has not become with 
molecular compound fluorination compatibility molecule 
which is added in in polymer matrix, fluorination 
compatibility molecule being taken in in polymer matrix,as 
polymer matrix and one body and, pointing to kind of entirety 
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whichit shakes whirls, you read polymer composition. 

However, fluorination compatibility molecule in polymer 
matrix, it is not something which removes thecase where it 
becomes molecular compound from meaning of polymer 
composition. 

In addition, here, "fluorine concentration " with you call 
density of fluorine atom, make thequantity of fluorine of per 
unit volume (F several /cm^ ). 

[0084] 

fluorination compatibility molecule enters into fluorination 
polymer matrix which becomes matrix, it is a molecule which 
does action like plasticizer of gel in fluorination matrix. 

With this action, fluorination polymer matrix (polymer 
composition ) which fluorination compatibility molecule is 
added forms the solid solution and amorphous means to form 
molecule agglomerate. 

Therefore, vis-a-vis light, it becomes optical waveguide 
which possesses the uniform transparency which does not 
have optics dispersion and is superior. 

In addition, also index of refraction of optical waveguide in 
portion where fluorine concentration has become high can be 
made low. 

[0085] 

In addition, because fluorination compatibility molecule is 
fixed to fluorination polymer matrix by reactive group of 
fluorination compatibility molecule in polymer waveguide 
and reacting, fixing reactive group of fluorination polymer 
matrix with chemical bond, fluorination compatibility 
molecule scattering does not do at heat, fixed composition is 
maintained even under thermal environment, is possible , the 
polymer optical waveguide where stability over time is high is 
acquired. 

[0086] 

In addition, about portion where fluorine concentration has 
become large about outside by maldistribution amount fabric 
doing in high concentration in cross section of fluorination 
compatibility molecule optical waveguide which is added in 
fluorination polymer matrix, it becomes low index of 
refraction, can form optical waveguide of refractive index 
distribution type (gray dead type). 

About outside maldistribution amount fabric is possible to 
liquid phase and gas phase easily to high concentration this 
time, fluorination compatibility molecule is added with. 

[0087] 
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Furthermore, fluorinated polyimide etc which introduces 
fluorination polymethacrylate resin^ di (trifluoro ) 
isopropylene group which introduces trifluoromethyl group as 
exemplary material of fluorination polymer matrix, is known. 

But, one which is not a kind of fluorine-substituted group 

which causes geometric constraint with bulky is more 
desirable, tetrafluorophenylene group and polyfluoroalkyl 
group and poly fluoro alkoxy group or other those which are 
introduced are desirable. 

[0088] 

In addition, molecule where polyfluoroalkyl groups poly 
fluoro alkoxy groups ester groups which possesses 
plasticizing effect as fluorination compatibility molecule, or 
compatibility which possesses carbonate group etc is good is 
used. 

Because of this, fluorination compatibility molecule which 
doping is done it works as the plasticizer, it prevents cracking 
in fluorination polymer matrix, from it forms polymer optical 
waveguide which is superior in transparency film forming 
behavior^ uniformity, 

[0089] 

Below, you explain from polymer waveguide which relates to 
embodiment of the third concretely. 

<first with constitution >this embodiment, fluorination 
polymer matrix is designated as fluorinated 
polyimide,fluori nation compatibility molecule, following (1) - 
is designated as fluoride of vinyl pyrrol idone 
backbone-containing compound which is chosen from any of 
(3). 

[0090] 

(1) polyvinyl pyrrol idone 

(2) (methyl methacrylate vinyl pyrrolidone ) copolymer 

composition of (3) polymethylmethacrylate and (methyl 
methacrylate vinyl pyrrolidone ) copolymer 

vinyl pyrrolidone backbone-containing compound because 
compatibility is high vis-a-vis polyimide, in sameway 
becomes dopant where compatibility is superior highly 
fluoride vis-a-vis fluorinated polyimide. 

[0091] 

In addition, because (methyl methacrylate vinyl pyrrolidone ) 
copolymer of above-mentioned (2) methyl methacrylate of 
amorphous where transparency is high (MMA ) with with 
copolymer of the vinyl pyrrolidone, forms copolymer with 
vinyl group , resin which is superior in clarity and 
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compatibility is acquired. 
[0092] 

Furthermore, generally, as for polyimide because with 
thermal condensation polymerization of solid membrane 
where molecule diffiisivity is small crosslinking it is done in 
imide structure, there is a deficiency that unreacted group 
which condensation polymerization it is notpossible in solid 
membrane remains mainly. 

Because also above-mentioned fluorinated polyimide does 
similar curing reaction, the unreacted COOH group and NH 
group remain mainly in solid membrane. 

With this embodiment, these remains bases and vinyl 
pyrrolidone backbone-containing compound which 
theabove-mentioned fluorination is done reacting, it is 
something which obtains polymer optical waveguide which is 
fixed with chemical bond. 

[0093] 

N- methyl acetamide and N- methyl pyrrolidone or other high 
boiling point solvent are used to solvent of polyamic acid 
which is a precursor (prepolymer ) which forms polyimide, it 

is desreable . 

Furthermore, soaking optical waveguide which consists of 
fluorinated polyimide in the solution of these, if doping it 
does, about outside of cross section the maldistribution 
amount fabric it does in high concentration, it is possible , the 
polymer optical waveguide of refractive index distribution 
type is acquired easily. 

[0094] 

Furthermore, above-mentioned (3) is deformation of material 
of theabove-mentioned (2) with mixture of copolymer and 
MMA of theabove-mentioned (2). 

<second constitution > next, it designates fluorination 
polymer matrix as fluorination polymethylmethacrylate 
(fluorination PMMA ) resin unlike above-mentioned 
constitution, it explains fluorination compatibility molecule 
concerning constitution which is made organic compound 
which possesses tertiary fluoromethyl group. 

[0095] 

In case of this constitution, as strain of structure decreases 
dueto fact that organic compound which possesses tertiary 
fluoromethyl group in fluorination PMMA isadded, 
amorphous characteristic increases, optical resin where 
transparency to bemore high index of refraction is low and is 
superior can be formed. 

[0096] 



Page 30 Paterra Instant MT Machine Translation 



JP2002258085A 



2002-9-11 



TK'Jpt^'JUpt^^Z'JU — h (PMM A: Poly Methyl 
meta-acrylate)(r7KU-?^^^U^^7^7gu— hjitt 

[0097] 

(Di^-rtiA^$*L.7>>m<b PMMA mmm^ 

;u:l-py^;uft$^-r^vD^-y->#ft<b^«3 



[0098] 

SjSS^:7^vm^bUc>v^<b7K'jvP^-9->li 

3 <DmmBmx\t.'^^izmE.my)i^:t' 

ppt^;uS^^f «)vP+-9->ttS<b^^;b<^ 



[0099] 

^<b7K'JvP+-9->co*tiaj^*r*fe4>«^;u 
S'¥>:7x^;i/Slc OH S^E^ COOH » fti: <7)S«; 



polymethylmethacrylate (PMMAiPoly methyl meta-acrylate ) 
("poly methyl methacrylate " With you say) clarity is high 
even with this itself, fluorination PMMA furthermore index of 
refraction decreased is optical resin which is superior. 

With this embodiment, furthermore it can constitute polymer 
composition where the index of refraction is low with 
transparent furthermore due to fact that organic compound 
which possesses tertiaiy fluoromethyl group is added in this. 

Furthermore, if ester of part hydrolysis it does PMMA, 
because reactive functional group COOH group is acquired in 
polymer matrix, this can be utilized in immobilization 
reaction. 

[0097] 

Furthermore, organic compound which possesses tertiary 
fluoromethyl group, having any of OH group ^ epoxy group > 
isocyanate group, reacting with unreacted carboxyl group in 
fluorination PMMA resin and forming the ester bond and 
urethane bond and epoxy hardening connection etc by 
forming the chemical bond, fluorination compatibility 
molecule is fixed. 

<third constitution > next, it designates fluorination polymer 
matrix as fluorination polysiloxane, itexplains fluorination 
compatibility molecule concerning constitution which is made 
siloxane skeleton compound which possesses tertiary 
fluoromethyl group. 

In case of this constitution, as strain of structure decreases 
dueto fact that siloxane skeleton compound which possesses 
tertiary fluoromethyl group in fluorination polysiloxane 
isadded, amorphous characteristic increases, optical resin 
where transparency to bemore high index of refraction is low 
and is superior can be formed. 

[0098] 

As for polysiloxane which is represented in silicone resin with 
transparent, asfor fluorination polysiloxane which methyl 
group ^ phenyl group or other substituent fluorination is done 
furthermore index of refraction decreased is optical resin 
which is superior even with this itself, butwith embodiment of 
third, furthermore it can constitute polymer composition 
where index of refraction is low with transparent fiirthermore 
due to fact that siloxane skeleton compound which possesses 
tertiary fluoromethyl group is added. 

[0099] 

Furthermore, fluorination polysiloxane of reactivity is 
acquired easily if OH group and COOH group or other 
reactive functional group are introduced in methyl group and 
phenyl group which are a organic substituent of fluorination 
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[0100] 

Si-Cl ft(DL^•r^^A^^WL, 7-v^1b7K'JvP4^ 

■y-i/^rosicitSisrSLT^bi^js^^fl^fSL 

l/|g^-V>T5Kl^^^f>x;K=^vSHbja^^i:i:A< 
fefi!c$+lTvP:^r-9->l-1^<b^«J^a^1br*t 

[0101] 

t(7)(7).±ifi 2 mo'^m&o^mz^'oxy^y 



tats, tm^^^trntit. m(o^=Ft:f\y>h^uz 
<D^m\zn^(DWtm^mztztt<v^i>o 



polysiloxane. 

Furthermore, when in order furthermore to make clarity of. 
infrared region which is needed for optical waveguide high, 
deuterium is introduced in the polysiloxane, it is. 

[0100] 

In addition, when fluorination siloxane oligomer etc of 
low-molecular-weight is used as siloxane skeleton compound, 
itis. 

Furthermore, ester bond and urethane bond and amide bond 
and epoxy hardeningconnection etc being formed by fact that 
siloxane skeleton compound, has any of Si- OH groups Si- 
Cl group, reacting with reactive group in fluorination 
polysiloxane, forming chemical bond and fixes, it can fix 
siloxane skeleton compound. 

Because of this polymer optical waveguide which is produced 
can utilize also fluorosilane coupler etc. 

< Constitution of 4 th > next, in fluorination polymer matrix, 
you explain concemingconstitution which adds organic 
compound which possesses fluorination compatibility basis 
and immiscibility basis which possesses active hydrogen 
together with 2 wt% orless. 

[0101] 

As for organic compound, 2 wt% or less and as for addition 
quantity although it islittle, maldistribution doing in surface 
vicinity of optical waveguide cross section which consists of 
fluorination polymer matrix with property of functional group 
of above-mentioned 2 kinds immiscibility basis which 
possesses active hydrogen from surface puts out the face, 
adhesiveness is granted to surface of optical waveguide with 
active hydrogen . 

With this adhesiveness , it can raise or other interfacial 
adhesion between core cladding of the optical waveguiding 
module, between cladding-substrate and between 
cladding-electrode bump it can constitute the element where 
reliability is high. 

In addition, because addition quantity is designated as 2 wt% 
or Iess,influence to optical waveguiding characteristic is little. 

Furthermore, immiscibility basis, blending with other 
molecule, is thebasis which has difficult property. 

In this immiscibility basis, specific function is given in 
surface of the molecule by granting specific functional (Here, 
adhesiveness of active hydrogen ), it is possible . 

With this example, in immiscibility basis which possesses 
active hydrogen, the adhesiveness is given in surface of 
molecule. 
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[0102] 

=CF2 S.-CnF^H2„.^.i S(n^K2n>m^l). 

-CnFmH2n-m*(n^ 1 . 2n^m^ 1). -C6Fn,H6.n.»(5 

♦liSliSirLr . -CONH2 -NH3 ft. -OH 

-cooH 1 fiss^Lfesanb^^t-rSo 



[0103] 

tr. m 5(a)ic5;-r<k5iw. vU3>*« 10 ±ic 

ft^lS$tlfcK1bffi 20 (7)±(Z(6FDA-ODA)7KU 

•VXhLTfiEML. 160 deg C CDSg-C 1 B#Pb1I£ 
Ji^. 250 deg C (7);gJtr* 1 B^FelJUbiaaLT 

S0^^?:7^v^<biS»^Th'J^7x-efc«):7*vf^<b 

Z Z V s 6FDA (i 2,2 
-bis(3,4-dicarboxyphenyl)hexafluoropropanedianhydride 
"U. ODA it 4,4' -oxydianiline "Cfcl>o 

K<bM 20 (;)Ji$i±. cy^idf. I'-io/i m -efcy . 

50-200 jUmT^fc-So 
[0104] 

^JRIZ. H 5{b)(C5F-r«fc5l3,7:i-hUV^^*^:7'fi: 

ji-j^y<f\zMsyymit7fsiHzm 30 

40 l::fl^/S-r^o 
[0105] 

fiE$tifcv'J=i>S« 10 ^.:7^y^^b7KU'<5K 

M 30 Mtyymm&<Dmi''yymitm^^\i^ 
eauK>(3:i))^ta^:i-'j=rv-co N-^^;ue 

m 5(c)*.3t^;*Kffi 40 IZfcl 



Furthermore, -CFi~3H2'^o basis, =CF2 basis, -CnFmH2 n- m^i 
basis (nDl, 2 nDmDl ), -CnFn,H2n-m basis(nDl, 2 nOmOl ), 
-C6FniH6-m 1 kind it selects from basic (5 >= mD 1 ) as 
fluorination compatibility basis, -CONH2 basis, -NH3 basis, 1 
kind than -OH group^ -COOH group it makes organic 
compound which isselected as immiscibility basis which 
possesses active hydrogen. 

In case of this kind of organic compound, polymer optical 
waveguide which in addition of thequantity whose 2 wt% or 
less is little is superior in surface adhesiveness isacquired. 

<manufacturing method> next, manufacturing method of 
polymer waveguide which depends on this embodiment 

isexplained. 

Figure 5 (a ) - as for (d ), it is a step sectional view concerning 
plane type polymer waveguide of gray dead type in this 
embodiment. 



First, as shown in Figure 5 (a ), cast doing dimethylacetamide 
(DMAc ) solution of(6 FDA-ODA ) polyamic acid on 
oxidized film 20 which was formed on silicon substrate 10 
film formation itdoes, with temperature of 160 deg C 1 hour 
drying later, 1 hour curing doeswith temperature of 250 deg C 
and it forms fluorinated polyimide membrane 30 whichis a 
transparent fluorination polymer matrix. 

Here, as for 6 FDA with 2 and 2 &apos;-bis (3 and 4 
-dicarboxyphenyl ) hexafluoropropanedianhydride, as 
for ODA they are 4 and 4 &apos;-oxydianiline. 

As for thickness of oxidized film 20, with for example 
1-10 ;mu m , as for the thickness of fluorinated polyimide 
membrane 30, it is a for example 50~200 ;mu m. 



As next, shown in Figure 5 (b ), one edge of cross section 
forms fluorinated polyimide membrane 30 in optical 
waveguide 40 of rectangle of for example 45 ;mu m with the 
photolithography and etching . 

[0105] 

As next, shown in Figure 5 (c ), it soaks in N- methyl 
pyrrolidone solution of (trifluoromethyl methacrylate vinyl 
pyrrolidone (3: 1)) copolymer oligomer which is a 
fluorination compatibility molecule where fluorine 
concentration is high silicon substrate 10 where this optical 
waveguide was formed, in comparison with fluorinated 
polyimide membrane 30 and, swelling does surface a little 
and adds copolymer oligomer (doping ). 



I+^^SSB A^^JD In Figure 5 (c ), it is a portion where slanted line part in 
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[0106] 

m 5(d){Z7Ft^5\z^ %mi&Si 40 ±[z 

(6FDA-TFDB)7K'J7aKK(?)V->«5^;U7-bh75 
K(DMAc);§;'^^+-\'XhLT/«ML. 160 deg C 
(DSST* 1 m?i\^W^s 250 deg C <7);ggr* 1 



Z Z X' 



TFDB 



2,2 



-bis(trifluoromethyl)9-4,4' -diaminobiphenyl "Cfc 

10~100jt/m"efe'5o 
[0107] 



[0108] 
[0109] 

^•r. Sl6(a)[C^-rj:9fC. vUzi>S« 10±|z 

mm^iitzmtm 20 a)±iz. TKut^v^br^x 

XhLT/iEmL. 160 deg C (D)^fS.X 1 BtF^^IJiiS 
'Jva^-9->M35$ff$j«-r^o 



35 COIi^li.iJiJ^ 



[0110] 



^Xlz.m 6(b)lZ7r.t<i:5{z^yth'yj<f^y^t 
x^y5^>^'icj:y.»m<b7K'JvP^i^>K 35 



optical waveguide 40 is added. 

Furthermore, this time it irradiates electron beam to optical 
waveguide 40 which the doping is done, it is possible to lock 
oligomer by crosslinking doing the vinyl portion mainly. 

[0106] 

As next, shown in Figure 5 (d ), cast doing dimethylacetamide 
(DMAc ) solution of(6 FDA-TFDB ) polyamic acid on optical 
waveguide 40, film formation it does, with temperature of 160 
deg C 1 hour drying later, 1 hour curing does with 
temperature of 250 deg C and it forms topside cladding layer 
50 which consists of transparent fluorinated polyimide 
membrane. 

Here, TFDB, 2 and 2 &apos;-bis (trifluoromethyl ) is 9 - 4 
and 4 &apos;-diamino biphenyl. 

Furthermore, thickness of topside cladding layer 50 is for 
example 10-100 ;mu m. 

[0107] 

This cross section shape of optical waveguide which is 
produced is rectangular, but the copolymer oligomer where 
fluorine concentration is high in portion in angle of 
rectangular beingdone, to be many dope because index of 
refraction decreases largely, the optical waveguiding cross 
section substantially becomes close in round. 

[0108] 

While next. Figure 6 (a ) - referring to (c ), you explain other 
manufacturing method of plane type polymer waveguide of 
gray dead type in this embodiment. 

Figure 6 (a ) - (c ) is step sectional view of polymer 
waveguide. 

[0109] 

First, as shown in Figure 6 (a ), on oxidized film 20 which 
was formed on the silicon substrate 10, cast doing fluoro 
toluene solution of poly di fluoride phenyl siloxane, film 
formation it does, 1 hour drying later, it forms fluorination 
polysiloxane film 35 which is a fluorination polymer matrix 
with temperature of 160 deg C. 

thickness of fluorination polysiloxane film 35 is for example 
20-50 ;mu m. 

[0110] 

As next, shown in Figure 6 (b ), one edge of cross section 
forms fluorination polysiloxane film 35 in optical waveguide 
41 of rectangle of for example 15 ;mu m with 
photolithography and the etching . 
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Com] 

iKK45^t»^o 



il 6(c)*.:?t^;K8S 45 
[0112] 



[0113] 
[0114] 

-<r. mm^itm 1/12 {zJl^^<u^tzo 

[0115] 

S 7(aHd)li.^-(7)iS«^^^«;fiS&<7)XSBTS 
[0116] 

*-r> E]7(a)(Z^F-rcl:5lC. v'Jzi>»« 10±fC 
fl^fie^tltcKlba 20 0±(Z(6FDA-ODA)7K'j 
TaK^(Dvy^;U7-trh7SK(DMAc)5§;'S^+ 
-VXhLrjSML. 160 deg C <D'&mV 1 BtHIS 

jss. 250 deg c oagr- 1 B#ra®<b«iSLr 



[0111] 

As next, shown in Figure 6 (c ), soaking in fluoro toluene 
solution of methyl (trifluoromethyl ) siloxane trimer which is 
a fluorination compatibility molecule where fluorine 
concentration is high silicon substrate 10 where this optical 
waveguide 45 was formed, in comparison with fluorination 
polysiloxane film 35 and, swelling doing surface a little and 
adding methyl (trifluoromethyl ) siloxane trimer you obtain 
optical waveguide 45 of gray dead type (doping ), with that. 

In Figure 6 (c ), it is a portion where slanted line part in 
optical waveguide 45 is added. 

[0112] 

Furthermore, after and aforementioned way this in order to 
cover optical waveguide 45, it is possible to form topside 
cladding layer. 

[0113] 

This cross section shape of optical waveguide which is 
produced is rectangular, but the copolymer oligomer where 
fluorine concentration is high in portion in angle of 
rectangular beingdone, to be many dope because index of 
refraction decreases largely, the optical waveguiding cross 
section substantially becomes close in round. 

[0114] 

In addition, after doping, curing doing methyl 
(trifluoromethyl ) siloxane trimer with electron beam, it reacts 
fixes dopant molecule. 

Because of this, stability be able to acquire optical waveguide 
of gray deadtype, with electron beam as for optical waveguide 
which curing is done, the change over time became small in 
approximately 1/12 in comparison with optical waveguide 
which curing is not done with electron beam. 

[0115] 

While next. Figure 7 (a ) - referring to (d ), you explain 
manufacturing method of plane type polymer waveguide of 
step type in this embodiment. 

Figure 7 (a ) - (d ) is step sectional view of polymer 
waveguide. 

[0116] 

First, as shown in Figure 7 (a ), cast doing dimethylacetamide 
(DMAc ) solution of(6 FDA-ODA ) polyamic acid on 
oxidized film 20 which was formed on silicon substrate 10 
film formation itdoes, with temperature of 160 deg C 1 hour 
drying later, 1 hour curing doeswith temperature of 250 deg C 
and it forms underside cladding layer 62 which consists of 
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m 62 ^Mf&t^o 
[0117] 

^X\Z^ H 7(b)|C5^-rJ:5lC.(6FDA-ODA)7K'J7 
SK8a)v>^;u7-lrhrsK(DMAc);§;1St(h'J 

(3:l)ita^:l-'j3T-(/) N->^JUeP'JK>?g 
/ISirCDS^?]^^. ^-^-XhLTlSML. 160 deg C 

XT-fc4>v«<b7K'J>rsKM 36 *}KfiR-rSo:7 

vmitt^')^^\^m 36 a)Ii$l*.CiJi(S. 20^50 
[0118] 

jiy^><f{zM.:^ymitts^j^^m 36 ^bt 

m<D-mtm^lt 15// m 
?5:43t*Ki»46SJi^j«-r*o 

[0119] 

*ic. SI i(d){zmt^o\z. ^mim 46 ±iz 

(6FDA-TFDB)7K'JTSKK<7)i>;«^;UT-lrhTS 
K(DMAc)J§;*]£$+-VXhLTfiEKL. 160 deg C 
CDSgT' 1 B#PBl$J:jg^, 250 deg C (D}^&X* 1 



[0120] 

/d:fc\ (6FDA-ODA)7H'J7SKS(;)vy5^;uT-tr 
hT5K(DMAc)5i;"iS<l:(h'J:7;U;}-D^5^;i.>^/7 

'jU-he-;uea'jK>(3:l))*m^:l-'J=lT- 
2,2'-eX(3,4-v*;i/7fC+v:?xr.;U)/s:t-tl-:7;U 

:i-p::fa/<>$@jK»<D i%iDiSo 

[0121] 
[0122] 



transparent fluorinated polyimide membrane. 
[0117] 

Way next, it shows in Figure 7 (b ), dimethylacetamide 
(DM Ac ) solution of (6 FDA-ODA ) polyamic acid (cast 
doing mixed solution of N- methyl pyrrol idone solution of 
trifluoromethyl methacrylate vinyl pyrrolidone (3:1) 
copolymer oligomer, the film formation it does, 1 hour drying 
later, it forms fluorinated polyimide membrane 36which is a 
fluorination polymer matrix with temperature of 160 deg C. 
thickness of fluorinated polyimide membrane 36 is for 
example 20--50 ;mu m. ) 

[0118] 

As next, shown in Figure 7 (c ), fluorinated polyimide 
membrane 36 optical waveguide 46 where the one edge of 
cross section becomes core layer of rectangle of for example 
15 ;mu m is formed with photolithography and etching . 

[0119] 

As next, shown in Figure 7 (d ), cast doing dimethylacetamide 
(DMAc ) solution of(6 FDA-TFDB ) polyamic acid on optical 
waveguide 46, film formation it does, with temperature of 160 
deg C 1 hour drying later, 1 hour curing does with 
temperature of 250 deg C and it forms topside cladding layer 
56 which consists of transparent fluorinated polyimide 
membrane. 

[0120] 

Furthermore, furthermore 2 and 2 &apos;-bis (3 and 4 
-dicarboxy phenyl ) hexafluoropropane 1% of solid 
component areadded to mixed solution of dimethylacetamide 
(DMAc ) solution of (6 FDA-ODA ) polyamic acid and N- 
methyl pyrrolidone solution of (trifluoromethyl methacrylate 
vinyl pyrrolidone (3: 1)) copolymer oligomer. 

[0121] 

Because of this optical waveguiding characteristic to which as 
for optical waveguide which is acquired,adhesiveness of core 
cladding interface is good, stabilizes is acquired. 

[0122] 

According to this embodiment, in fluorination polymer 
matrix, adding fluorination compatibility molecule which 
possesseshigh fluorine concentration, in comparison with 
fluorination polymer matrix because it forms the polymer 
optical waveguide, fluorination compatibility molecule 
entering in fluorination polymer matrix, fluorination 
compatibility molecule in matrix, doingfunction like 
plasticizer, it forms solid solution and amorphous it meansto 
form molecule agglomerate. 

TRANSLATION STALLED opticsuniform transparency^ 
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[Hi] 

[g|2] 
[g|4] 

(a)A>b(d)i*. m 2 0SIJfifl^® J— 

[g|5] 



light propagationpolymeroptical waveguide 



[0123] 

Above, this invention was explained with preferred 
embodiment , but such description isnot limitation, of course, 
various alteration is possible. 

[0124] 

[Effects of the Invention] 

With this invention , dopant layer which contains low index 
of refraction conversion molecule to be provided in periphery 
of optical waveguide core, because low index of refraction 
conversion molecule which is contained in dopant layer, 
about outside and comer of optical waveguide core with high 
concentration, maldistribution amount fabric doing in optical 
waveguide core, plane optical waveguide which substantially 
possesses circular cross section with easy process can be 
actualized. 

In addition, because polymer optical waveguide of this 
invention in fluorination polymeric material of at least one 
kind which is selected from group which consists of 
fluorinated polyimide^ fluorination polymethacrylate^ and 
the fluorination polysiloxane, is formed from polymer 
composition where fluorination compatibility molecule where 
fluorine concentration ishigh in comparison with 
aforementioned fluorination polymeric material is added, 
uniform transparency of optical waveguide improves, and, is 
superior in durability s adhesiveness etc. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a sectional view of plane optical waveguide which relates 
to first embodiment with this invention . 

[Figure 2] 

(d ) is step sectional view in order to explain manufacturing 
method of plane optical waveguide whichrelates to first 
embodiment from (a ). 

[Figure 3] 

It is a sectional view of plane optical waveguide which relates 
to second embodiment with this invention . 

[Figure 4] 

(d ) is step sectional view in order to explain manufacturing 
method of plane optical waveguide whichrelates to second 
embodiment from (a ). 

[Figure 5] 

(d ) is step sectional view in order to explain manufacturing 
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method of plane type polymer waveguide of gray dead type 
which relates to embodiment of third from (a ). 

[Figure 6] 

(c ) is step sectional view in order to explain manufacturing 

method of plane type polymer waveguide of gray dead type 
which relates to embodiment of third from (a ). 

[Figure 7] 

(d ) is step sectional view in order to explain manufacturing 
method of plane type polymer waveguide of step type which 
relates to embodiment of third from(a ). 

[Figure 8] 

sectional view of conventional plane optical waveguide 

[Explanation of Symbols in Drawings] 

10 

substrate (silicon substrate ) 
100 

substrate 
101 

substrate 
11 

substrate (silicon substrate ) 
12 

substrate (silicon substrate ) 
20 

oxidized film 
200 

underside cladding layer 
201 

underside cladding layer 
21 

underside dopant layer 
22 

underside dopant layer 
30 

fluorinated polyimide membrane 
300 

core layer 



Page 38 Paterra Instant MT Machine Translation 



JP2002258085A 

301 

31 

32 

35 

36 

40 

400 

401 

41 

42 

45 

46 

50 

52 

62 

Drawings 



2002 

301 

core layer 
31 

core layer 
32 

core layer 
35 

fluorination polysiloxane film 
36 

fluorinated polyimide membrane 
40 

optical waveguide 
400 

topside cladding layer 
401 

topside cladding layer 
41 

topside dopant layer 
42 

topside dopant layer 
45 

optical waveguide 
46 

optical waveguide 
50 

topside cladding layer 
52 

topside cladding layer 
62 

underside cladding layer 
[Figure 1] 



Page 39 Paterra Instant MT Machine Translation 



JP2002258085A 



2002-9-11 



31 









//////////// 


/// 




//// 



[g|2] 
(a) 



.41 

21 
'11 




[Figure 2] 



(b) 



31 




; / / / / 



21 



(c) 




-41 
-21 



(d) 



.31 



r 



-21 
-11 



[123] 










//////////A 


/// 




//// 



.42 

• 22 
12 



[g|4] 



[Figure 3] 



[Figure 4] 
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[Figure 7] 
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[Figure 8] 
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